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BACKGROUND 
Field of the Invention 

[1001] The present invention relates to memory array organization, and 
particularly to those memory arrays organized as a plurality of pages. 

Description of the Related Art 

[1002] Integrated circuit memory arrays are encountered in both specialized 
memory devices and in other more general integrated circuits. An address presented 
to the memory device (or memory sub-system within a more general integrated 
circuit) is usually decoded to select one or more memory cells corresponding to each 
given address. For example, many memory devices have byte-wide data paths, and 
each unique address usually selects eight different memory cells, which may be 
located adjacent to each other in one array, physically distributed within one array, or 
physically distributed in up to eight different sub-arrays. Some devices store more 
than one bit of information into a single memory cell, and thus obviously require less 
than eight memory cells to store a byte of information. 

[1003] Irrespective of the internal architecture of a memory array (i.e., whether 
implemented as a single array or as many sub-arrays, whether an addressable byte is 
stored in contiguous memory cells within one array or distributed throughout more 
than one sub-array), many memory arrays may be conceptualized as being organized 
as a plurality of rows and a plurality of columns with one or more memory bits stored 
at each addressable row and column intersection. 

[1004] Many memories may also be conceptualized as having a plurality of pages, 
each containing a plurality of locations within the page. An address for such a 
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memory specifies a page (which may also be viewed as a 'row' address) and an offset 
or location within the page (which may also be viewed as a 'column' address). Most 
memories are organized with a number of rows equal to an integral power of two, 
such as 2 (i.e., 131,072 pages) and a number of columns also equal to an integral 
power of two, such as 2 9 bytes (i.e., 512 bytes). An integral power of two may also be 
termed an 'even binary number. ' Examples includes 16 (i.e., 2 4 ) and 128 (i.e., 2 7 ) but 
not 24 (i.e., 2 4 + 2 3 ). 

[1005] For example, some commercial 'Flash' EPROM devices, such as the 64 
MB Toshiba TH58512FT, are organized as a plurality of 528-byte pages, which are 
accessed byte-serially by page. Of this page, 512 bytes are normally used for general 
storage, while the additional 1 6 bytes are provided for other specialized use, such as 
redundancy. Such a page size may be thought of as a basic page of 5 12 bytes, and an 
extended page adding another 16 bytes, for a total of 528 bytes per page. This 
extended page space adds about 3% more memory cells to the array. Unfortunately, 
many users do not utilize such an extended page space, frequently because the 
resulting page size of 528 bytes is not a power of two (and thus not a traditional 
binary 'boundary') consequently wasting the additional 3% area required to 
implement the extended page memory cells. Yet for compatibility reasons, many 
devices still implement such additional memory cells. 

[1006] In addition, many Flash devices reserve a portion of its pages for use in 
replacing pages that, when tested or later programmed, are discovered to be defective. 
For example, in many 64 MB devices, up to 2-3% of all memory pages are reserved 
for redundancy, and the total amount of memory guaranteed to be fully functional 
after programming accordingly reduced. In a memory device with fewer defective 
pages than the reserved number set aside for such purposes, the remaining reserved 
pages may easily be wasted as well because they are not guaranteed to be available. 
Consequently, upwards of another 2-3% of memory cells physically implemented in 
the memory device may be wasted. 

SUMMARY 

[1007] A dual memory array organization transparently supports both basic page 
size use and extended page size use without wasting any memory cells when the 
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extended pages are not utilized. A certain portion of its memory cells are dual- 
addressable memory cells which may be used to provide the additional memory 
required for the extended pages, or alternatively may be used to provide additional 
basic page memory. In one embodiment, a memory array may be organized as basic 
pages and directly addressed to support the basic page size. But to support the 
extended pages, the addresses maybe translated to map each extended page into a 
portion of an associated basic page. In certain embodiments, a number of the high 
order row addresses are conveyed for use instead as high-order column addresses, and 
the high-order row addresses overridden, to map the extended pages into a contiguous 
block of basic pages, 

[1008] In another embodiment, an integrated circuit includes a memory array 
organized in pages of a first width. The memory array is addressable as pages of the 
first width and addressable as pages of a second width that is an additional width 
greater than the first width. When addressable as pages of the second width, the 
additional width of each page of the second width is mapped into at least one 
associated page of the first width. In certain embodiments each respective page, when 
addressed as pages of the second width, is addressable as a respective basic page of 
the first width and as a respective extended page of a width smaller than the first 
width, and the memory array may be configured to map each extended page into a 
corresponding portion of a corresponding basic page. The memory array may 
comprise a non- volatile memory array, whose memory cells may comprise passive 
element memory cells. 

[1009] In another embodiment, an integrated circuit includes a memory array 
organized as a plurality of pages having a page width. An address translation block is 
included for translating an address of an effective location within a page that falls 
beyond the page width, into a corresponding address of a corresponding location of a 
corresponding page that falls within the page width, thereby mapping an effective 
page location beyond its page width into an associated page. The address translation 
block may be arranged to map at least one address bit that specifies a page into an 
address bit specifying a location within an associated page, and may also be arranged 
to map effective locations within the pages beyond the page width into a contiguous 
group of pages located at one end of the memory array. The page width may be equal 
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to a first integral power of two, and the number of mapped locations of each page may 
be equal to a second integral power of two. In certain embodiments the memory array 
may comprise a plurality of sub-arrays, and memory cells comprising each page 
location may be distributed among at least two sub-arrays or may be disposed in a 
single sub-array. 

[1010] Many other embodiments are contemplated, and a number of preferred 
embodiments are described in detail herebelow. Each may be used alone or in 
combination with one another. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[1011] The accompanying drawings illustrate one or more embodiments of the 
present invention and, together with the detailed description, serve to better explain 
the present invention to those skilled in the art. 

[1012] Fig. 1 is a block diagram of a memory organization illustrating a memory 
mapping in accordance with an embodiment of the present invention. 

[1013] Fig. 2 is a schematic diagram of an address circuit useful for an 
embodiment of the present invention. 

[1014] Fig. 3 is a schematic diagram of another address circuit useful for an 
embodiment of the present invention. 

[1015] Fig. 4 is a block diagram of a memory array and related control circuits in 
accordance with an embodiment of the present invention. 

[1016] Fig. 5 is a block diagram of a memory organization illustrating a memory 
mapping in accordance with another embodiment of the present invention. 

[1017] Fig. 6 is a block diagram of a memory organization illustrating a memory 
mapping in accordance with yet another embodiment of the present invention. 

[1018] Fig. 7 is a block diagram of a memory organization illustrating a memory 
mapping in accordance with still another embodiment of the present invention. 
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[1019] Fig. 8 is a block diagram of a memory organization illustrating a memory 
mapping in accordance with an additional embodiment of the present invention. 

[1020] The use of the same reference symbols in different drawings indicates 
similar or identical items. 

DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

[1021] In the interest of clarity, not all of the routine features of the 
implementations described herein are shown and described. It will, of course, be 
appreciated that in the development of any such actual implementation, numerous 
implementation-specific decisions must be made in order to achieve the developer's 
specific goals, such as compliance with application- and business-related constraints, 
and that these specific goals will vary from one implementation to another and from 
one developer to another. Moreover, it will be appreciated that such a development 
effort might be complex and time-consuming, but would nevertheless be a routine 
undertaking of engineering for those of ordinary skill in the art having the benefit of 
this disclosure. 

[1022] Referring now to Fig. 1 , a block diagram of an exemplary memory 
organization 100 is depicted that is organized into a plurality of memory pages. As 
used herein, a memory organization is defined by a width, depth, and a data port of 
the memory. In the exemplary embodiment shown, specific details such as page sizes 
and addressing information are described to assist in the understanding of the 
invention, but it should be understood that such specific examples are merely 
illustrative of the embodiment and not limiting of the invention. The data port size is 
frequently an 8 -bit byte, although any number of bits may be implemented. In the 
embodiment shown, each page includes 528 bytes, of which 512 (i.e., 2 9 ) bytes may 
be termed a basic page and the remaining 16 (i.e., 2 4 ) bytes termed an extended page. 
One such page is labeled 102 in the figure, and whose width (i.e., page size) is 
depicted running horizontally across the figure. In the exemplary embodiment shown, 
there are 13 1 ,072 (i.e., 2 17 ) pages represented extending vertically down the figure. A 
given page may be selected by decoding seventeen addresses, such as A25-A9. 
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[1023] The organization shown in Fig. 1 does not necessarily represent a physical 
memory array architecture. For example, each of the 8-bits of a given byte within a 
page may be respectively stored in a respective one of eight separate memory sub- 
arrays corresponding to the byte. Alternatively, all eight bits of a given byte may be 
stored within a single sub-array, either adjacent or physically distributed throughout 
the sub-array. The present invention comprehends many distinct physical 
arrangements of a memory array and/or sub-arrays, and the organization depicted in 
Fig. 1 is intended to abstract a memory array irrespective of certain implementation 
details of the physical array architecture and configuration. 

[1024] In prior art devices, the extended pages (labeled as 106) may be supported 
by actually implementing each such extended page to respond to the same page 
address as its corresponding basic page. In such a case the memory cells forming the 
extended pages would be wasted if the user did not make use of such extended pages. 
Alternatively, the extended pages may be made available and addressable by a user, 
even though not physically implemented as such, by mapping each extended page into 
a portion of a basic page. Consequently, the memory array may be implemented as 
pages of the basic page width, and still support the basic page size as well as an 
increased size including the extended page for those users desiring to use the extended 
pages. 

[1025] In the example shown, each basic page is thirty-two times wider than its 
corresponding extended page (i.e., 2 9 / 2 4 = 2 5 = 32), Consequently, the locations 
comprising the extended pages may be segmented by rows into thirty-two groups of 
pages, and each group mapped into a single group of high-order basic pages. For 
example, one of the thirty-two page groups (i.e., page 'blocks') may be selected by a 
group of five addresses A25-A21 (for both basic pages and extended pages). Each 
extended page block, such as block 1 10, includes 4096 extended pages (i.e., rows), 
one of which is selected by twelve least-significant row addresses A20-A9. Each byte 
within each extended page is selected by four low-order column addresses A3-A0. 

[1026] The extended page block 110 may be mapped into high-order basic page 
block 1 12 by conveying the five highest-order row addresses to instead function as 
the highest order column addresses, and setting the five highest-order row addresses 
to a desired value, such as ' 1 1 1 1 1* which corresponds to the end of the memory 
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depth, as depicted in Fig. 1. The four lowest-order column addresses (A3 -AO) and the 
twelve lowest-order row addresses (A20-A9) are maintained. The thirty-two re- 
mapped extended page blocks "stack nicely" across and fully occupy the highest order 
group of 4096 basic pages (labeled as 126). The thirty-first extended page block 
(labeled as 114) maps into its associated high-order basic page block 116, while the 
thirty-second extended page block (labeled as 118), which is the highest-order 
extended page block, maps into its associated highest-order basic page block 120. 

[1027] Each 5 12-byte basic page may be sub-divided into thirty-two (32) different 
portions of a page, each holding 16-bytes, which may be referred to as sub-pages. 
Referring again to page 102 shown in Fig. 1, the thirty-two different sub-pages are 
selected by the five most-significant column addresses A8-A4 (indicated by bracket 
122), while within each sub-page (such as sub-page 108) the individual bytes are 
selected by the four lowest-order column addresses A3-A0. In the re-mapped 
extended pages 126, however, each of the thirty-two sub-pages corresponds to a 
different extended page group and each is selected by the five highest-order row 
addresses A25-A21 (indicated by bracket 124) because of the address translation 
performed, while within each sub-page the individual bytes are selected by the four 
lowest-order column addresses A3-A0, as before. 

[1 028] The exemplary organization may be generalized somewhat by abstracting 
the assumed sizes. The basic page size is preferably any integral power 'W of two, 
for a total of 2 W locations within each basic page (in the example above, 2 9 ). The 
additional size of an extended page is preferably an integral power *X ? of two, where 
X is smaller than W (in the example above, 2 3 ), giving rise in an extended mode to a 
total page size of 2 W + 2 X (in the example above, 528). The ratio of the basic page 
width to the extended page width is therefore 2 W / 2 X = 2 (w_x) (in the example above, 
2 (9 " 4) = 2 5 = 32). The depth of the memory is preferably any power of two (i.e., D) 
that is larger than (W - X) (in the example above, 2 17 ). The locations forming the 
extended pages are segmented into 2* w ~ x * groups (in the example above, 32) each 
containing 2 R = 2 D " (w " x) rows (in the example above, 2 R = 2 12 = 4096 rows). These 
extended page groups may be mapped into the high order basic pages by maintaining 
the 'X' least-significant (i.e., lowest-order) column address bits and the C R' least- 
significant row address bits, while conveying the (W - X) most-significant row 
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address bits for use instead as the (W - X) most significant column address bits, and 
setting the (W - X) most-significant row address bits to any portion of the memory 
depth desired for the re-mapped pages. One particularly useful choice, as illustrated 
in Fig. 1, re-maps the extended pages to the "top" of the memory depth (i.e., the 
highest-order pages) by setting the each of the (W - X) most-significant row address 
bits to a logic 1. 

[1029] In another useful embodiment, the memory depth is extended beyond 
2 D pages by adding an additional most-significant row address bit A26 which is set to 
a logic 1, and by setting the each of the (W - X) previously most-significant row 
address A25-A21 bits to a logic 0. This embodiment is illustrated in Fig. 5. 

[1 030] Such mappings are generally applicable if the basic page width is a power 
of two (e.g., 2 W ), if the extended page width is a power of two (e.g., 2 X ) and if R is 
less than or equal to D - (W - X). These are not significant restrictions, and provide 
many different mapping possibilities for various memory organizations. In such 
cases, the number of dual-addressable pages is equal to 2 (D " (w " X)) . Preferably X has 
a value from 3 to 5, W has a preferred value from 6 to 12, and (W - X) has a preferred 
value from 3 to 7. Many other mappings are possible, even though some may be less 
convenient. Other particularly useful mappings are described herebelow. 

[1031] Referring now to Fig. 2, an address translation circuit 150 is shown which 
achieves the dual organization shown in the embodiment of Fig. 1. The five most- 
significant row address bits are assumed to be A25-A21, while the five most- 
significant column address bits are assumed to be A8-A4. To access a location within 
a basic page, a BASIC PAGE ACCESS signal conveyed on node 152 is active (in this 
case, a logic high) which steers the 'effective' or 'apparent' column addresses A8-A4 
through gates 154 and 156 to the 'physical' column addresses A8-A4 for the memory 
array, and similarly steers the effective row addresses A25-A21 through gates 158 and 
160 to the physical row addresses A25-A21 for the memory array. However, to 
access a location within an extended page, an EXTENDED PAGE ACCESS signal 
conveyed on node 162 is active (and the BASIC PAGE ACCESS signal inactive) 
which steers the effective row addresses A25-A21 through gates 164 and 156 to the 
physical column addresses A8-A4 for the memory array, and sets each of the physical 
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row addresses A25-A21 for the memory array to a logic 1. The effective column 
addresses A8-A4 in this case are ignored. 

[1032] As can be discerned, the address translation circuit 150 may be 
implemented in an integrated circuit using an insignificantly small amount of 
additional circuitry that consumes an insignificantly small additional layout area. In a 
device compatible with flash devices such as the Toshiba TH58512FT, the A8 address 
information is provided by a command rather than by an explicit address, with A8=0 
being implied by a 4 00H' command, and A8=l being implied by a '01H' command. 
In addition, the BASIC PAGE ACCESS signal may be implied by the '00H' 
command and the '01H' command, while the EXTENDED PAGE ACCESS signal 
may be implied by the '5 OH' command. 

[1033] The address translation circuit 150 shown in Fig. 2 is but one of many 
possible circuits to implement the mapping shown in Fig. 1. Another address 
translation circuit 170 is shown in Fig. 3. A combined signal conveyed on node 172 
is high to indicate basic page access and low to indicate extended page access. A first 
multiplexer 174 steers either the effective row addresses A25-A21 or the effective 
column addresses A8-A4 to the physical column address A8-A4 for the memory 
array, and a second multiplexer 176 steers either the effective row addresses A25-A21 
or all logic 1 's to the physical row address A25-A21. Other address translation 
circuits may easily be implemented by one skilled in the art to take advantage of 
teachings of this disclosure. For example, other such translation circuits may invert 
all or some of the addresses (assuming that remaining decoding circuits correspond) 
and may choose different particular address translations to map the extended pages 
into basic pages. Such circuits are not complex, are not performance sensitive for 
many pipelined, block-oriented, or page-oriented memory organizations, and whose 
implementation is well within an ordinary level of skill in the art. 

[1034] Referring now to Fig. 4, portions of an exemplary integrated circuit 1 80 
are depicted which provides dual organization of a memory array as described above 

17 

to support two different page sizes. A memory array 182 is implemented as 2 pages, 
each containing 2 9 bytes per page. An address translation block receives a 26-bit 
effective address conveyed on bus 188 and conditionally translates the address to 
generate a physical address conveyed on bus 190. A mapping decision block 1 86 is 
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provided to determine whether to provide support for extended pages by mapping the 
extended pages into corresponding basic pages. Such a determination may be based 
upon an optional control signal (such as a '50H' command), or upon one or more bits 
of the effective address, or both. 

[1035] A memory device incorporating an embodiment of this invention which 
utilizes an architecture and command sequence similar to the Toshiba TH58512FT 
may advantageously be implemented to default to basic page mode accesses of the 
memory array 182. The mapping decision block 186 is preferably configured to 
receive an indication when the 4 50EP command is first invoked to access an extended 
page, and the address translation block 184 is then set for extended page mode 
operation. The extended pages are mapped into, for example, the highest order basic 
pages which are preferably unavailable for normal use. If no '50IT command is 
received, and only '00H' and C 01H ? commands are received, the address translation 
block 184 passes both the effective row and column addresses to the array 182 
unchanged. Consequently, a single device maybe used to provide (31/32) * 131,072 
pages when in the extended page mode (i.e., the extended pages being mapped into 
the last 1/32 of the basic pages), and may also be used to provide the full 131,072 
pages when extended page mode operation is not called for. 

[1036] Another convenient page mapping 250 is illustrated in Fig. 6 for a case 
where R is less than D - (W - X). Assume W = 9 for a basic page size of 5 12 bytes, 
and assume X = 4 for an extended page size of 16, both as before. However, in this 
example, assume that D = 18, for a memory depth of 2 18 or 262,144. The ratio of the 
basic page width to the extended page width is still equal to 2 (w " x) = 2 5 = 32. 
Assume however, that the extended pages are segmented into 2 6 = 64 groups, each 
containing 2 R = 2 (18 " 6) = 2 12 = 4096 rows, as before. These 'row' groups may be 
mapped into the high order pages by maintaining the 'X' least-significant column 
address bits A3-A0 and the C R* least-significant row address bits A20-A9, while 
conveying the effective row address bits A25-A21 for use instead as the physical 
column address bits A8-A4, conveying the effective row address A26 to the physical 
row address A21, and setting the physical row address bits A26-A22 to * 1 1 1 1 1\ The 
upper thirty-two extended pages are mapped into a first re-mapped page group 252, 
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and the lower thirty-two extended pages are mapped into a second re-mapped page 
group 254 adjacent to the first group 252. 

[1037] Other mappings are specifically contemplated, including cases in which 
the re-mapped extended pages are not all contiguous in the basic page space. 
Referring now to Fig. 7, such a mapping is conceptually shown for a case where 
R = D-(W-X)-2. The ratio of the basic page width to the extended page width is 
equal to 2^ " x) . The extended pages are segmented into 2 (D " R) = 2 (w ~ x + 2) groups, 
each containing 2 R rows. These row groups may be mapped into a total of 2 2 = 4 
basic page groups, each having 2 R pages. In this embodiment, the two most- 
significant effective row address bits are conveyed unchanged to the two most- 
significant physical row address bits, and the (W - X) next most significant effective 
row address bits are conveyed to the (W - X) most significant physical column 
address bits. The corresponding (W - X) next most significant physical row address 
bits are set to a logic ' V (or to some other desired page address). 

[1038] In any of these embodiments described thus far that map the 16-byte 
extended pages into 512-byte basic pages, a sequential read operation that extends 
from a basic page into an extended page requires crossing a page boundary between 
two basic pages. This may require an additional delay to access the second basic page 
into which the extended page is mapped, and may produce an additional 'busy signal' 
during the delay. But this operation is less commonly used because of the 
inconvenience of the 528-byte page size. However, in certain applications it may be 
desirable to sequentially readjust the extended pages, which previously crosses a 
page boundary and generates a 'busy signal' every 16 bytes. 

[1039] Referring now to Fig. 8, another mapping (of many possible mappings) is 
shown which provides a minimum of 'busy signals' between page accesses when 
sequentially reading through just the extended pages. In this example, the extended 
page block 1 10 is mapped into high-order basic page block 352 by mapping the five 
/ea^-significant effective row addresses A13-A9 to instead function as the five most- 
significant physical column addresses A8-A4, mapping the seven effective row 
addresses A20-A14 to physical row addresses A15-A9, mapping the five most- 
significant effective row addresses A25-A21 to physical row addresses A20-A16, and 
setting the five highest-order physical row addresses to ' 1 1 1 11 ' . The four lowest- 
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order effective column addresses (A3-A0) are maintained as the physical column 
addresses A3 -AO, and the effective column addresses A8-A4 are ignored. 

[1040] To aid in understanding this mapping, each of the thirty-two different sub- 
pages in a non-mapped page are normally selected by the five most-significant 
column addresses A8-A4 (indicated by bracket 122), while within each sub-page 
(such as sub-page 108) the individual bytes are selected by the four lowest-order 
column addresses A3-A0. In the re-mapped extended page 352 however, each of the 
thirty-two sub-pages corresponds to a different row within the extended page group 
110 and each is selected by the five lowest-order effective row addresses A13-A9, 
while within each sub-page the individual bytes are selected by the four lowest-order 
column addresses A3 -AO, as before. 

[1041] The thirty-first extended page block (labeled as 1 14) maps into its 
associated high-order basic page block 354, while the thirty-second extended page 
block (labeled as 118), which is the highest-order extended page block, maps into its 
associated highest-order basic page block 356. This mapping 'stretches out' the 
extended page block 110 into a basic page block that spans all the way across all 512 
bytes of the basic page, and further maps a plurality of adjacent rows (i.e., pages) of 
the extended page block 1 10 as adjacent 16-byte sub-pages within the basic page 
block 352. As before, the thirty-two re-mapped extended page blocks fully occupy 
the highest order group of 4096 basic pages. In this embodiment, each of the thirty- 
two re-mapped blocks comprises 128 rows by 512 columns, rather than 4096 rows by 
16 columns as in Fig. 1. 

[1042] By using this mapping, a command sequence to sequentially read through 
just the extended pages now crosses a boundary 32 times less frequently (e.g., every 
512 bytes) than before. This may generate far fewer busy signals and result in higher 
performance than achievable in the prior art memory arrangement. Such increased 
performance may be particularly beneficial in implementing solid-date file structures 
in memories such as flash or other non- volatile memory devices. 

[1043] The embodiment shown in Fig. 8 maps the extended blocks into 
contiguous blocks in the basic page space. The benefits of reduced 'busy signals' 
may also be achieved even if the re-mapped blocks are physically distributed or 
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discontiguous. For example, the extended block 110 may be mapped into 128 
separate rows, being every 32 rows of the last 4096 rows. Such a mapping may be 
accomplished by mapping the effective row addresses A13-A9 to physical column 
addresses A8-A4 (as before), and mapping the effective row addresses A25-A21 to 
physical row addresses A13-A9 (and setting the five highest-order physical row 
addresses to * 1 1 1 1 T). In this case only five column addresses and five row addresses 
need be mapped. 

[1044] In the embodiments described above, all the locations within a particular 
extended page have been mapped into a single associated basic page. In other 
embodiments incorporating translations of other address bits, the locations of a 
particular extended page may be mapped into more than one associated basic page, 
although it is believed to be less desirable if sequential accesses of locations within 
the extended pages are anticipated. Other mappings are specifically contemplated, 
although those shown are illustrative of several of the believed more useful mappings. 

[1045] In a non- volatile embodiment of the present invention which utilizes 
internal error correction to achieve 100% effective post-programming yield, the 2-3% 
of the spare pages otherwise reserved for redundancy may be made available for use, 
either as more pages of the basic page size, or as the re-mapped extended pages. For 
example, in an exemplary embodiment of an integrated circuit including a three- 
dimensional write-once memory array, the array is divided into 72 sub-arrays. Eight 
error correction check/syndrome bits are concatenated to each 64 bit data word to 
generate a 72-bit ECC data word. Preferably each bit of this 72-bit ECC data word is 
written physically into a different corresponding one of the 72 sub-arrays. Additional 
details of such exemplary embodiments are described in U.S. Patent Application No. 
09/747,574 entitled "Three-Dimensional Memory Array and Method for Storing Data 
Bits and ECC Bits Therein," filed on December 22, 2000, by Thomas H. Lee, et aL, 
which application is hereby incorporated by reference, and described in U.S. Patent 
Application No. 09/748,649, entitled "Partial Selection of Passive Element Memory 
Cell Sub-Arrays for Write Operation," filed on December 22, 2000, by Roy E. 
Scheuerlein, et al., which application is hereby incorporated by reference. In other 
embodiments, a memory array may advantageously be implemented with two bits 
stored within each of 32 sub-arrays. 
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[1046] In an embodiment of the invention as shown in Fig. 4, the memory array 
182 is preferably a three-dimensional, non- volatile, field-programmable write-once 
memory array of passive element memory cells, although other memory arrays are 
also suitable and specifically contemplated, such as three-terminal memory cell 
arrays. Each passive element memory cell within the memory array 182 is generally a 
two-terminal memory cell having a steering element in series with a state change 
element, together connected between usually orthogonal (but not necessarily so) array 
terminal lines. These two elements within a memory cell may both be present before 
programming. Alternatively, the steering element within a given memory cell may be 
formed during programming of the memory cell. Suitable state change elements 
include those having a significant change of resistance, including both fuses and 
antifuses. A memory cell whose state change element is an antifuse may be termed an 
antifuse memory cell, whereas a memory cell whose state change element is a fuse 
may be termed a fuse memory cell. 

[1047] An advantageous passive element memory cell is a structure combining an 
antifuse and a diode in series as the memory cell. Such memory cells are preferably 
implemented within a three-dimensional memory array which has at least two levels 
of memory cells. Suitable memory cells are described in U.S. Application No. 
09/897,705 entitled "Three-Dimensional Memory Array Incorporating Serial Chain 
Diode Stack" filed on June 29, 2001, U.S. Application No. 09/814,727 entitled 
"Three-Dimensional Memory Array and Method of Fabrication" filed on March 21, 
2001, U.S. Application No. 09/560,626 entitled "Three-Dimensional Memory Array 
and Method of Fabrication" filed on April 28, 2000, and in U.S. Patent No. 6,034,882 
entitled "Vertically Stacked Field Programmable Nonvolatile Memory and Method of 
Fabrication," each of which is hereby incorporated by reference. 

[1048] Preferably, the memory cells are comprised of semiconductor materials, as 
described in U.S. Patent 6,034,882 to Johnson et al., U.S. Patent 5,835,396 to Zhang, 
U.S. patent application Serial No. 09/560,626 to Knall, and U.S. patent application 
Serial No. 09/638,428 to Johnson, et al., each of which is hereby incorporated by 
reference. Specifically an antifuse memory cell is preferred. Other types of memory 
arrays, such as MRAM and organic passive element arrays, can also be used. MRAM 
(magnetoresistive random access memory) is based on magnetic memory elements, 
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such as a magnetic tunnel junction (MTJ). MRAM technology is described in "A 
2556kb 3.0V ITIMTJ Nonvolatile Magnetoresistive RAM" by Peter K. Naji et al, 
published in the Digest of Technical Papers of the 2001 IEEE International Solid- 
State Circuits Conference, ISSCC 2001/Session 7/Technology Directions: Advanced 
Technologies/7.6, February 6, 2001 and pages 94-95, 404-405 of ISSCC 2001 Visual 
Supplement, both of which are hereby incorporated by reference. Certain passive 
element memory cells incorporate layers of organic materials including at least one 
layer that has a diode-like characteristic conduction and at least one organic material 
that changes conductivity with the application of an electric field. U.S. Patent No. 
6,055,180 to Gudensen et al. describes organic passive element arrays and is also 
hereby incorporated by reference. Memory cells comprising materials such as phase- 
change materials and amorphous solids can also be used. See U.S. Patent No. 
5,751,012 to Wolstenholme et al. and U.S. Patent No. 4,646,266 to Ovshinsky et al., 
both of which are hereby incorporated by reference. 

[1 049] Integrated circuits incorporating a memory array usually subdivide the 
array into a sometimes large number of sub-arrays. As frequently used, a sub-array is 
a contiguous group of memory cells having contiguous word and bit lines generally 
unbroken by decoders, drivers, sense amplifiers, and input/output circuits. A large 
memory array is frequently subdivided into smaller sub-arrays to decrease the number 
of memory cells which are simultaneously accessed and/or to improve performance. 
Nonetheless, for ease of description, an array may also be used synonymously with 
sub-array to refer to a contiguous group of memory cells having contiguous array 
terminal lines generally unbroken by decoders, drivers, sense amplifiers, and 
input/output circuits. As used herein, an integrated circuit may include one or more 
than one memory array. 

[1050] As used herein, a passive element memory array includes a plurality of 2- 
terminal memory cells, each connected between an associated X-line and an 
associated Y-line. Such a memory array may be planar or may be a three-dimensional 
array having more than one plane of memory cells. Each such memory cell has a 
non-linear conductivity in which the current in a reverse direction (i.e., from cathode 
to anode) is lower than the current in a forward direction. Application of a voltage 
from anode to cathode greater than a programming level changes the conductivity of 

-15- 

PatApp023-0001.doc 



Attorney Docket No.: 023-0001 



the memory cell. The conductivity may decrease when the memory cell incorporates 
a fuse technology, or may increase when the memory cell incorporates an antifuse 
technology. A passive element memory array is not necessarily a one-time 
programmable (i.e., write once) memory array. 

[1051] Word lines may also be referred to as row lines or X-lines, and bit lines 
may also be referred to as column lines or Y-lines. The distinction between "word" 
lines and "bit" lines may carry at least two different connotations to those skilled in 
the art. When reading a memory array, it is assumed by some practitioners that word 
lines are "driven" and bit lines are "sensed." In this regard, X-lines (or word lines) 
are frequently, but not always, connected to the anode terminal of the memory cells, 
and Y-lines (or bit lines) are frequently, but not always, connected to the cathode 
terminal of the memory cells. Secondly, the memory organization (e.g., data bus 
width, number of bits simultaneously read during an operation, etc.) may have some 
association with viewing one set of the two array lines more aligned with data "bits" 
rather than data "words." Such various array organizations and configurations are 
well known in the art, and the invention is intended to comprehend a wide variety of 
such variations. It should be understood that a memory that is organized as pages 
maybe described as having 'rows' which correspond to pages and 'columns' which 
correspond to locations or offsets within a page. Such rows and columns frequently 
transcend and should not be confused with the physical rows and columns found in 
individual sub-arrays used in the physical implementation of the memory, 

[1052] Nonetheless, the techniques described above in the context of a memory 
organized as pages may be applied to memory organizations having a number of 
columns that is a non-traditional binary boundary (i.e., not equal to an integral power 
of two). The additional columns of each row beyond a traditional binary boundary 
may be mapped into other rows in an analogous fashion as described above. 
Similarly, in memory organizations having a number of rows that is not equal to an 
integral power of two, the additional rows of each column beyond a traditional binary 
boundary may be mapped into other columns. As a specific example, the physical 
length of a word line (e.g., a row in a single level memory array) may be implemented 
to be either larger or smaller than the page size. The physical length of a word line is 
a trade-off between the resistance of long lines and the leakage current of a 
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contiguous array of passive element memory cells (which increases as the number of 
cells on a row line increases) versus the relative area for support circuitry (which 
generally decreases as the number of cells on a row line increases). In a preferred 
embodiment a single physical word line includes or spans two basic pages. 

[1053] The block diagrams herein may be described using the terminology of a 
single node connecting the blocks. Nonetheless, it should be appreciated that, when 
required by the context, such a "node" may actually represent a pair of nodes for 
conveying a differential signal, or may represent multiple separate wires (e.g., a bus) 
for carrying several related signals or for carrying a plurality of signals forming a 
digital word or other multi-bit signal. 

[1054] The descriptions of the various embodiments provided herein are believed 
to provide ample insight and details of the present invention to enable one of ordinary 
skill in the art to practice the invention. Although certain supporting circuits 
(e.g., decoders, drivers, switches, multiplexers, control circuits, input/output buffers, 
etc.) are not specifically described, such circuits are well known, and no particular 
advantage is afforded by specific variations of such circuits in the context of 
practicing this invention. Moreover, it is believed that one of ordinary skill in the art, 
equipped with the teaching of this disclosure, will be able to carry out the invention, 
including implementing various control circuits inferred but not specifically described 
herein, using well known circuit techniques and without undue experimentation. 

[1055] It will be appreciated by one skilled in the art that any of several 
expressions may be equally well used when describing the operation of a circuit 
including the various signals and nodes within the circuit, and no subtle inferences 
should be read into varied usage within this description. A logic signal has an active 
level (i.e., active state) and an inactive level (at least for traditional binary logic 
signals). The active level for some logic signals is a high level (i.e., an "active-high" 
signal) and for others is a low level (i.e., an "active-low" signal). A logic signal is 
"asserted" or "activated" when driven to its active level. Conversely, a logic signal is 
"de-asserted" or "de-activated" when driven to its inactive level. A high logic level is 
frequently referred to as a logic "1" and a low logic level is frequently referred to as a 
logic "0" (at least for positive logic). Frequently logic signals are named in a fashion 



17 



PatApp 023-0001. doc 



Attorney Docket No.: 023-0001 



to convey which level is the active level. The schematic diagrams and accompanying 
description of the signals and nodes should in context be clear. 

[1056] The foregoing details description has described only a few of the many 
possible implementations of the present invention. For this reason, this detailed 
description is intended by way of illustration, and not by way of limitations. 
Variations and modifications of the embodiments disclosed herein may be made 
based on the description set forth herein, without departing from the scope and spirit 
of the invention. It is only the following claims, including all equivalents, that are 
intended to define the scope of this invention. In particular, even though the preferred 
embodiments are described in the context of a passive element memory array, the 
teachings of the present invention are believed advantageous for use with other types 
of memory cells, such as certain 3-terminal memory cells, such as flash EPROM cells. 
While certain embodiments have been described in the context of a three-dimensional, 
field-programmable, write once memory array, it should be appreciated that such an 
array is not necessarily required. Moreover, the embodiments described above are 
specifically contemplated to be used alone as well as in various combinations. 
Accordingly, other embodiments, variations, and improvements not described herein 
are not necessarily excluded from the scope of the invention. 
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